The Eurasian river otter Lutra lutra is the most widely distributed otter species. The European subspecies L. lutra lutra (Linnaeus, 1758) kept in European zoos has four strains; two of which (the A-and B-lines) have been introduced into zoos and aquariums in Japan. As the genetic backgrounds of, and differences between, these two strains were unknown, we identified partial nucleotide sequences (307bp) of the mitochondrial cytochrome b gene from an A-line and a B-line individual, A-line cyb and B-line cyb, respectively, kept in an aquarium in Japan. The nucleotide sequence of the A-line cyb and B-line cyb showed 98.7% identity and are distinguishable by the restriction fragment length polymorphism analysis. A-line cyb was 100% identical to the cytochrome b of L. lutra lutra, whereas B-line cyb failed to show 100% identity to the known nucleotide sequences on the database. The phylogenetic analysis of our sequences with those from a previous study revealed that the two strains had already been introduced into Japan by at latest the 1990s.
INTRODUCTION
The Eurasian river otter Lutra lutra is the most widely distributed otter species; its habitat ranges across Europe, including parts of Asia and North Africa. The International Union for Conservation of Nature (IUCN) Red List has categorized L. lutra as "near threatened" [1] . Because of the wide habitat range of L. lutra, up to 11 subspecies have been reported, including the Japanese river otter L. lutra nippon (Imaizumi et Yoshiyuki, 1989 ) and the Hokkaido subspecies L. lutra whileleyi (Gray, 1867); the extinction of both of which was recently declared by the Ministry of the Environment of Japan [2] . The lineage relationships of Lutra subspecies are not well defined: for example, some taxonomists treat L. lutra nippon as the independent species L. nippon.
As of 2013, both the Chinese subspecies L. lutra chinensis (Gray, 1837) and the European subspecies L. lutra lutra (Linnaeus, 1758), also known as European Otter, were being kept in Japanese zoos and aquariums [3] . According to the European Studbook for the European Otter (L. lutra lutra) [4] , the captive L. lutra lutra population is separated in four lines; the A-line otters are L. lutra lutra with 100% known pedigree, A breeding program is to be prepared by the Conservation Committee of the Japanese Association of Zoos and Aquariums [3] . To establish a proper breeding program we need to clarify the genetic backgrounds of both A-and B-line L. lutra lutra.
Therefore, here, we determined and compared the partial nucleotide sequences of cytochrome b genes of individuals from the A-and B-lines of L. lutra lutra . We also used restriction fragment length polymorphism (RFLP) to develop a simple method of distinguishing these two strains. A phylogenic tree was constructed by using the neighborjoining method [7] with ClustalX 2.0 and viewed with the NJplot 2.3 program [8] . A sequence of small-clawed otter Aonyx cinerea [6] was used as an outgroup. Bootstrap values were estimated by using 1000 replications [9] .
MATERIALS AND METHODS
Partial sequences of the Lutra mitochondrial cytochrome b gene were amplified as described, and 12 µl of the amplified sample was subjected to endonuclease digestion using the four-base recognition enzyme Afa I. Digestion was performed at 37℃ for 12h. DNA fragments were separated on a 1.5% agarose gel and stained with ethidium bromide; the fragments were made to fluoresce by exposure to ultraviolet light and photographed.
RESULTS
The 307-bp sequences of mitochondrial cytochrome b were determined from the A-line individual (A-line cyb) and the B-line individual (B-line cyb) (Fig. 1) . Single base substitutions were detected at four positions in B-line cyb, which had 98.7% identity to A-line cyb. Another sequence as found in both the A-line and the B-line; it was considered to be a pseudoform (pseudo cyb) according to the previous studies [6, 10] . The data were registered in the DDBJ/EMBL/GenBank databases and assigned the accession numbers AB933268 (for A-line Tentative Eurasian River Otter Strains kept in Japanese zoos [6] . In addition, A-line cyb had 100% identity to a number of complete nucleotide sequences of European L. lutra lutra cytochrome b gene, such as X94923 [11] , EF689068 [12] , AJ536010 [13] , and AF057124 [14] . In contrast, among these latter sequences no sequence identical to B-line cyb was found; B-line cyb had 99% identity to L. lutra (FJ236015; Jang and Hwang, 2008, direct submission from Korea) and 95% to L. sumatrana (EF472347) [15] . Our pseudo cyb sequence had 100% identity to a pseudogene from the above-mentioned L. lutra individual killed in Asahikawa in 1989 [6] .
The deduced amino acid partial sequences that we obtained from A-and B-line cyb had 100% identity (Fig. 1) .
We constructed a phylogenic tree from the sequences we obtained, with reference to the previously described sequences (Fig. 2) . The A-line cyb and B-line cyb were close to parallel, (Fig. 3) .
DISCUSSION
We revealed that L. lutra mitochondrial cytochrome b partial nucleotide sequences from the A-line and B-line individuals had slight but apparent differences. A-line cyb had 100% identity to the gene previously found in L. lutra individuals with an unidentified bloodline found in Japan, but it was also completely identical to purebred L. lutra lutra, which means that this is the A-line pedigree. B-line cyb was previously found in L. lutra individuals with another unidentified bloodline in Japan and was slightly different from A-line cyb and also 
Eri IWATA et al. Our comparison with the results of the 1996 study by Suzuki et al. [6] revealed that L. lutra individuals with A-and B-line cyb have been kept in Japan since at least that year. It might therefore be useful for the management of L. lutra pedigrees EF689068 (Fernandes, et al, 2008) X94923 (Ledje and Arnason, 1996) AJ536010 (Marmi, et al., 2004) AF057124 (Koepfli, et al., 1998) A-line (present study) Asahikawa (Suzuki, et al.,1996) Latvia (Suzuki, et al.,1996) FJ236015(Jang and Hwang, 2008) B-line (present study) Europe (Suzuki, et al.,1996) China (Suzuki, et al.,1996) EF472347 (L. sumatrana, Koepfli, et al., 2008) Aonyx cinerea (Suzuki, et al.,1996) Determination and comparison of complete sequence of cytochrome b genes might be more effective. But the assessment of the fragmentation patterns by using the RFLP method described here would be an easier technique than sequencing, and more suitable for on-site screening.
Our RFLP testing revealed three fragments from A-line cyb, because only A-line cyb had an Afa I restriction-enzyme cutting site. The pseudoform was amplified by PCR at the same time, but it, like B-line cyb, had no cutting site for Afa I (Fig. 1) . A number of pseudoforms of Lutra mitochondrial cytochrome b genes have already been reported; these pseudoforms have been amplified with a yield of 30% to 40% of the total clones [6] . Moreover, in this study we sequenced 20 clones, and nine of them were sequences of the pseudoform (Data not shown).
To discriminate A-line cyb from B-line cyb by using RFLP we can expect to find, in the case of A-line cyb, three fragments: a dense fragment of 357 bp and two faint fragments of 237 and 120 bp. Even so, the RFLP method used in the present study could discriminate A-line cyb from B-line cyb successfully. If more accurate identification is necessary, the combination of long-and short PCR could be used to avoid the detection of pseudoforms or mitochondrial DNA heteroplasmy.
The phylogenetic analysis of the subspecies of L. lutra from morphological research seemed still confusing. Although L. lutra is the most widely distributed otter species and up to 11 subspecies have been reported, details of the genetic relationships are still being examined [11] [12] [13] [14] [15] 
